Heart failure (HF) with normal ejection fraction (EF) is an increasingly common presentation of acute decompensated heart failure (ADHF). Differences between patients with HF and truly normal EF and those with mildly impaired EF have not been described. The Acute Decompensated Heart Failure Registry (ADHERE) contains information on over 100,000 heart failure hospitalizations and may provide insight into this distinction. The ADHERE database was used to investigate differences between patients hospitalized with heart failure and severely (EF < 25%), moderately (EF 25-40%) and mildly reduced ejection fraction (EF 40-55%) vs. those with normal ejection fraction (EF ≥ 55%). The group with normal EF was 69% female with a mean age of 74 (p<0.017 vs. all other groups). Coronary artery disease was less frequent in the normal EF group, and hypertension played a larger role. Patients with EF ≥ 55% had elevated pulse pressure, suggesting a role for arterial stiffening. Treatment differed by ejection fraction. Creatinine increased ≥ 0.5 mg/dl more often in the group with HF and normal EF than the group with HF and severely reduced EF. In-hospital mortality and intensive care unit length of stay varied inversely with ejection fraction; overall length of stay was similar. In conclusion, patients with HF and normal EF are more likely to be female, have a history of high pulse pressure hypertension, less coronary artery disease and a lower risk of inpatient death but a higher likelihood of deterioration in renal function during hospitalization. These observations may be important considerations in the design of future clinical trials.
abnormality of LV diastolic function, may have disturbed contractility. 4-7 Patients with HF and truly normal EF (≥ 55%) may differ importantly from patients with mildly reduced EF (40-55%). To test the hypothesis that these populations differ and to determine differences between patients with HF and normal EF, mildly depressed systolic function and significantly reduced ventricular function, we used the Acute Decompensated Heart Failure Registry (ADHERE) database to explore differences between hospitalized patients with HF and severely (EF < 25%), moderately (EF 25-40%) and mildly reduced EF (40-55%), vs. those with truly normal ejection fraction (EF ≥ 55%).
Methods
The ADHERE protocol and data included in the registry have been previously described. 12 The ADHERE database is a multicenter registry providing observational data regarding patients hospitalized with acute decompensated heart failure (ADHF). Data for this analysis were derived from 274 sites. ADHF was defined as hospitalization for either new-onset HF or decompensation of chronic established HF. Data were collected on consecutive eligible adult patients by retrospective chart review, and included information on demographics, medical history, clinical presentation, medical therapy both prior to and in the hospital, and hospital course including procedures, in-hospital outcomes, and disposition. Medical history was recorded as noted in the chart. For example if it was noted in the chart that a patient had a history of hyperlipidemia, dyslipidemia, or abnormal cholesterol, this was coded as hyperlipidemia. Specific levels of cholesterol were not required. Likewise, a patient who was noted to have a history of coronary artery disease, either clinically or angiographically, was coded as "CAD". No documentation of these diagnoses was required of the abstractor. Ejection fraction could be determined by echocardiography, nuclear ventriculography or ventricular angiography. Institutional review board approval was required from each site for participation with de-identified data collection so that individual patient consent was not necessary. Identifiers were assigned by hospitalization, so that a single patient with multiple hospitalizations is coded as separate events. No information was collected beyond the point of hospital discharge; data on readmission and out of hospital clinical events are unknown.
The study population included all patients enrolled in the Acute Decompensated Heart Failure Registry (ADHERE) as of January 1, 2004 . Patients were excluded if there was no documentation of quantitative EF assessment, either during or prior to index hospitalization. The remaining patients were divided by ejection fraction into a group with normal EF (≥ 55%), a group with mildly reduced EF (≥ 40 and <55%), a group with moderately reduced EF (≥ 25 and <40%) and a group with severe LV systolic dysfunction (EF< 25%). Patients in the 4 groups were compared with respect to demographics, medical history, clinical characteristics at presentation, oral medication use prior to hospitalization and inpatient medication use, both intravenous and oral. In addition, important events during the hospital course, such as ICU stay, weight change, hospital length of stay and in-hospital mortality were examined.
Characteristics of the group with HF and normal EF were compared to those of the groups with decreased EF using one-way ANOVA and Wilcoxon tests for continuous variables and chisquare tests for categorical variables. Two-sided p values are reported. To adjust for multiple comparisons, only p-values <0.017 are considered statistically significant. Records with missing data were excluded from relevant analyses. Most variables had <0.01% of data missing, but exceptions included insurance and blood pressures (<1% missing), creatinine (2% missing), race (3% missing), thyroid disease (10% missing), weight and QRS duration (12% missing) and body mass index (32% missing). Heart failure etiology was not recorded for 46% of hospitalizations with history of HF. Use of centrally acting antihypertensives during hospitalizations was not recorded in 51% of the cases. At discharge, blood pressure data were missing in 15% of records, change in weight in 38% of records and change in creatinine in 54% of records.
Results
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,388 admissions were reviewed. Quantitative EF assessment during or prior to index hospitalization was available in 74,863 (71.0%) of these admissions: 17,022 with EF ≥ 55%, 17,045 with EF 40-55%, 21, 195 with EF 25-40%, and 19,601 with EF < 25%. In the remaining patient hospitalizations, 10,407 (9.9%) had only qualitative assessment and 20,118 (19.1%) had no documented EF assessments. Data from these patients were not used in this analysis.
Differences in demographics and medical history are described in Table 1 . The percentage of women increased more than two-fold as ejection fraction increased. While the majority of patients in both higher EF groups were female, the female preponderance was significantly greater in the group with EF ≥ 55%. All groups were elderly and age also increased significantly as EF rose. Approximately 70% of patient episodes occurred in Caucasians. African Americans were more likely to have lower EF. Weight and body mass index rose steadily with EF. The groups with the highest and lowest ejection fractions were less likely to have hyperlipidemia, or peripheral vascular disease as compared to the middle EF groups.
Most patients in all groups had a history of hypertension, but the proportion with hypertension was greatest in the HF and normal EF group. Patients with normal EF were less likely to have a history of HF or coronary artery disease compared to the other groups ( Figure 1A ). Of the 56,977 hospitalizations with a history of HF included in this analysis, an underlying HF etiology was identified by treating clinicians in only 30,557 (53.6%) cases. Etiology was identified less often in the higher EF groups. The normal EF group was less likely to have an ischemic etiology and more likely to have hypertensive etiology than other groups ( Figure 1B ). Among patients with EF 40-55% or EF ≥ 55%, the largest contrast in etiology of HF was between men with mildly reduced EF (18% with hypertensive and 54% with ischemic etiology) and women with HF and normal EF (30% with hypertensive, 26% with ischemic etiology).
Patients in all but the lowest EF group tended to be hypertensive on presentation (Table 2) . Patients with HF and normal EF had the highest systolic blood pressure and low diastolic blood pressure on admission, on average, giving them a higher mean pulse pressure than all other groups (Table 2 ). Blood pressure and pulse pressure were lower at discharge than admission in all groups, but the trend observed at admission remained: mean pulse pressure at discharge increased with EF and was highest in the HF and normal EF patients (all p < 0.0001, Table 4 ).
Intravenous medication use during HF hospitalizations is shown in Figure 2 . Parenteral diuretic therapy was used equally in the two highest EF groups, and slightly less in the patients with lower EF. Intravenous vasoactive medications (both vasodilatory and inotropic) were used less often in the HF and normal EF group than in other groups. Although the percentage was low (6.3%), over 1000 patients with HF and normal EF received inotropic therapy while in the hospital. Oral medications prescribed during hospitalization are shown in Table 3 . Compared to HF and normal EF patients, those in all other groups, including those with EF 40-55%, were more likely to be prescribed medications known to reduce cardiovascular mortality in ischemic heart disease and in HF with reduced EF, such as ACE inhibitors, aspirin, beta blockers, and lipid lowering drugs. Patients with EF ≥ 55% were more likely to receive angiotensin receptor blockers, calcium channel blockers, and centrally acting antihypertensives. Chronic outpatient therapy patterns were qualitatively similar to those shown for oral medications in the hospital.
Baseline creatinine was lowest in the HF and normal EF group; these patients were less likely to have a history of renal insufficiency than other groups. However, increased creatinine by 0.5 mg/dl or more occurred as frequently in the HF and normal EF group as in the two middle EF groups, and more often than in the group with the lowest EF ( Table 4 ). The HF and normal EF group lost less weight than the other EF groups. In-hospital mortality steadily increased as EF fell with statistically significant differences observed between HF and normal EF and both groups with EF < 40%, as reported previously. 13 Only minor differences were observed in median hospital length of stay among the four groups.
Discussion
These data, from >74,000 episodes of hospitalization for ADHF, demonstrate that patients with truly normal EF hospitalized with ADHF differ from patients with mildly reduced ventricular function and those with lower EF. Studies of HF and normal EF often include patients with EF as low as 40%. 3,13 Our study was focused on HF patients with higher EF, in an attempt to determine whether the group of patients with truly normal EF is similar enough to those with mildly reduced EF to justify grouping them together in clinical trials of HF and normal EF. Epidemiologic studies of HF and normal EF have focused on patients with EF >50%. The impact of including patients with EFs lower than 50% in clinical trials of HF is difficult to assess based on available epidemiologic studies and our data help clarify some of the differences between the population with normal EF and those with mildly reduced EF.
A prior analysis from ADHERE 13 demonstrated increased mortality and length of stay in hospital admissions for ADHF when EF was ≤ 40% vs. EF >40%. This analysis included only hospitalizations during which the EF was assessed, and made no comparisons between patients with EF <55% and those with EF ≥ 55%. In that analysis, systolic hypertension was noted in patients with preserved systolic function, but pulse pressure was not examined.
In our analysis, as in many prior analyses, patients with normal EF were more often female, were definitely older and had a lower incidence of coronary disease than those with HF and lower EFs. 14-18 While studies demonstrate an increasing prevalence of African Americans in hypertensive HF and normal EF populations relative to controls, our study shows that nationally African Americans with HF are more likely to have lower EF. Significant differences were found in many parameters between the patients with the highest EFs and those with lower EFs. No conclusions can be drawn from these data, but they suggest potentially important areas to explore in future studies, such as the impact of lung disease, stroke index and right ventricular dysfunction on symptoms. Importantly, patients with EF ≥ 55% also have elevated pulse pressure; this observation suggests that decreased vascular compliance may play an important pathophysiologic role in the genesis of HF in the highest EF group.
Our data also confirm that patients with normal EF are treated differently, both in the hospital and as outpatients, when compared with patients with mildly, moderately and severely reduced EF, which may be appropriate given the absence of data in this population. When hospitalized with HF, they are less likely to be treated with vasoactive medications, including vasodilators, despite the fact that they have higher systolic blood pressure on presentation. A surprising number are treated with inotropic agents. This suggests a quality of care issue that merits further study. The observed pattern of medication use reflects the absence of data in HF and normal EF and the differing opinions about the optimal therapy for this condition. Inclusion of patients with EF 40-55% with those with normal EF in clinical trials of HF and normal EF may introduce treatment biases related to background therapy.
More patients with HF and normal EF experienced an increase in creatinine during the hospitalization than in the severely depressed EF group, despite a lower rate of pre-existing recognition of renal insufficiency. However, the rate of increased creatinine in the group with HF and normal EF was not different from those with HF and mildly or moderately reduced EF. It is interesting to speculate on possible reasons for this. There may be under-recognition of renal impairment in the elderly group with normal EF, many of whom may have lower muscle mass. Alternatively, inaccurate assessment of the extent of volume overload and failure to appreciate critical pressure-volume relationships in smaller non-compliant ventricles may play a role. The potential for increased pulse pressure to contribute to worsening renal function is supported by recent studies. 19,20 Finally, worsening creatinine may lead to early stopping of diuretics contributing to less fluid removal in the HF with normal EF, however this was not seen in the groups with EF 25-40% and 40-55%, who had similar rates of increased creatinine to the normal EF group. Those with HF and normal EF lost the least weight in the hospital, suggesting that these patients were less volume expanded than HF patients with severely reduced EF. Mechanistic conclusions from these data remain speculative. Inpatient mortality risk increases steadily as EF falls, which is consistent with a prior report from the ADHERE database. 13
While demographics and echocardiographic features have previously been described in smaller groups of patients with HF and normal EF, typically geographically localized groups 13,14, 18 or trial populations, 21 this is the first national snapshot of this important group of patients to distinguish between those with truly normal and those with mildly impaired EF. It provides information on the group of patients with EF of 40-55%, often included in clinical trials, but in large part excluded from epidemiologic descriptions of patients with HF and normal EF.
There are limited clinical trial data regarding HF and normal EF. In the Candesartan in Heart failure Assessment of Reduction in Mortality and morbidity (CHARM) programme, the CHARM-Preserved study 3 demonstrated a non-significant benefit of angiotensin receptor blockade with candesartan on mortality and heart failure hospitalizations in patients with heart failure and an ejection fraction >40%. The CHARM study population was 60% male with an average age of 67 and an average ejection fraction of 54%. Over 50% of enrolled patients had an ischemic etiology of heart failure, with 22% having a hypertensive etiology. Inclusion of subjects with ejection fractions as low as 40% may have reduced the number of women included, lowered the average subject age and increased the patient heterogeneity. Recent data from the CHARM study also demonstrate a very heterogeneous group as determined by echocardiography. Despite having a diagnosis of HF and normal EF, 33% had normal diastolic function by echo. 21 Our study would suggest that inclusion of patients with mild LV dysfunction would also change the baseline pharmacologic treatment profile. Clearly a more effective strategy for identification of appropriate HF and normal EF patients for study is necessary.
The ADHERE data are taken from an observational registry of patients hospitalized for heart failure; the data are collected by retrospective abstraction of medical charts. These data must be interpreted as provocative and hypothesis generating, but not definitive. Entry into the registry is based on diagnostic coding in participating hospitals, which may be incomplete or inaccurate. No tests or treatments are prescribed. Even small, clinically insignificant differences can be statistically significant due to the large number of records in the database. We are limited in our analysis to information prospectively identified for collection into the database. Some information important in the group of patients with normal systolic function was not prospectively identified for inclusion, including use of non-loop oral diuretic therapy, method and timing of ejection fraction assessment, and information regarding echocardiographic features of interest in this population, such as left ventricular hypertrophy and measures of diastolic function. Data regarding ventricular function are recorded by the site coordinator from the clinical record. Measurement of ejection fraction was performed if deemed clinically indicated by the treating physicians. Although most assessments were echocardiographic, data from nuclear ventriculography and angiographic ventriculograms are also included. In addition, a minority of the assessments of ejection fraction included in this study (30%) were performed prior to the index hospitalization. Because study entry is based on hospitalization rather than individual patients, patients being rehospitalized are included in the dataset. In many of these patients with recent assessment of ejection fraction, a repeat assessment may not be clinically indicated. Thus, the recorded ejection fraction, particularly when performed prior to the current hospitalization, may not be truly representative of ventricular function during the hospitalization. Although this may introduce imprecision into the dataset, it does provide a realistic snapshot of actual clinical practice.
As the ADHERE registry contains no longitudinal outcomes data, no conclusions regarding the long-term natural history of HF and normal EF can be drawn from these findings. Nevertheless, these data do segregate the different populations of heart failure patients with various iterations of reduced vs. normal systolic function. A. Prevalence of a history of hypertension and history of coronary artery disease stratified by ejection fraction (EF) in the ADHERE population. B. Heart failure etiology was identified in the minority of cases in the ADHERE registry. Shown is attribution of heart failure etiology to hypertension or ischemic heart disease in patients in whom an etiology was identified. * = p < .017 compared to EF ≥ 55% group. Use of intravenous medications to treat heart failure in the ADHERE populations stratified by ejection fraction. Diuretic use was high in all groups, but slightly greater in the two higher EF groups than in the two lower EF groups. Both inotropic and IV vasodilator medications were used significantly less often in the group with EF ≥ 55% than in all other groups. * = p < .017 compared to EF ≥ 55% group. 
